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Open acca b s t r a c t
The Response Surface Methodology was employed to study the effects of adding different dietary ﬁbre
sources {wheat bran (WB), resistant starch (RS) and locust bean gum (LBG)} on quality parameters of
frozen part-baked pan bread (PB). The experiments were carried out according to a 23 central composite
rotational design. The results were compared to those obtained in our previous study with conventional
bread (CB). Different to that observed for CB, WB did not affect speciﬁc volume of part-baked bread. Its
effect was possibly masked by the freezing and frozen storage steps. The same occurred with texture
acceptance score and purchase intention. The acceptance score for crumb appearance followed the same
behaviour of the acceptance score for crumb colour; RS and LBG had little interference, while higher
additions of WB made the consumers express higher acceptance. WB showed the same effect on colour
parameters for both PB and CB. RS and LBG helped retain moisture. The ﬁbres showed the same proﬁle
for moisture throughout the storage period being very similar for PB and CB. The ingredients did not
interfere in hardness. Dietary ﬁbre sources can be used, beyond their nutritional importance, for
enhanced technological characteristics of PB.
 2013 Published by Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
A trend that has apparently increased in recent decades has
been consumer demand for high quality foods based on conve-
nience with minimum requirements for preparation time (Goff,
2004). Frozen part-baked breads have the advantage in relation
to conventional breads of their short preparation time, since they
need only to be removed from the freezer and placed in the oven
(Nutrinews, 2011). Marketing outlets such as bakeries, supermar-
kets and convenience stores are a large market for frozen bakery
products, together with the consumer who wants to bake bread at
home, but is discouraged to spend the time and effort required to
perform the whole process for producing them (Pyler, 1988).
The production of frozen part-baked breads is similar to con-
ventional breads, except that the former involves a freezing step
between two baking stages. Freezing involves a lowering of
temperature and a change of phase of water from liquid to solid.
The physical properties of food products change dramatically
depending on water availability and temperature (Blond & Le
Meste, 2004).x: þ55 19 3289 3617.
meida), steel@fea.unicamp.br
ess under the Elsevier OA license.Consumer demand for healthy foods is another tendency
observed nowadays. Dietary ﬁbre is an important component in the
deﬁnition of a healthy diet (Angioloni & Collar, 2011). A low intake
of dietary ﬁbre has been associated with a broad spectrum of un-
related non-infectious diseases, such as diseases of the gastro-
intestinal tract, circulation-related diseases, and metabolic diseases
(Sardesai, 2003).
Dietary ﬁbres can be water soluble or insoluble (Oakenfull,
2001), inﬂuencing water behaviour during freezing and frozen
storage of bakery products (Chen, Jansson, Lustrup, & Swenson,
2012; Filipovic & Filipovic, 2010; Leray, Oliete, Mezaize, Chevallier,
& Lamballerie, 2010). Depending on the ratio of insoluble to solu-
ble ﬁbres, they can also interfere in the baking processes of part-
baked breads by retarding starch gelatinization (Polaki, Xasapis,
Fasseas, Yanniotis, & Mandala, 2010).
Wheat bran is oneof themostwidely usedﬁbre sources in bakery
products, once it comes fromwheat and is a by-product of the ﬂour
milling process. Wheat bran is mainly an insoluble ﬁbre source, but
it can hydrate and physically entrap water (Ortiz & Lafond, 2012).
These properties are due to the presence of hemicellulose
(53.5 g/100 g) and pectic substances (2.0 g/100 g), once cellulose
(18.9 g/100 g) and lignin (12.1 g/100 g), also present in wheat bran,
are substances with highly organized molecular structures, which
do not have afﬁnity with water (Johnson & Southgate, 1994). Wheat
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to ﬁbres, it has vitamins, minerals and high antioxidant content
(Gómez, Jiménez, Ruiz, & Oliete, 2011).
High-amylose starch, particularly from corn, has received atten-
tion (Würsch, 1999) because a large body of scientiﬁc evidence has
validated its nutritional properties. It is a type II resistant starch and
can act as a ﬁbre in the digestive tract (Finocchiaro, Birkett, &
Okoniewska, 2009). The starch granules from high-amylose corn
aremore compact andmore crystalline than those fromnormal corn
(White, 2000). The amylose component of starch possesses unique
chemical and physical properties which result in speciﬁc function-
alities (Fergason, 2000). It holds signiﬁcantly less water than tradi-
tional dietary ﬁbres. Resistant starch does not compete for the water
neededbyother ingredients andallows for easier processingbecause
it does not contribute to stickiness. In most applications, it does not
alter the taste, texture, or appearance of the food (Liu, 2005).
On the other hand, locust bean gum (LBG) is a very hydrophilic
ﬁbre source and it has been demonstrated to act as moisture
retention agent in frozen bakery products (Sharadanant &
Khan, 2003). Locust bean gum consists of high molecular weight
polysaccharides composed of galactomannans; mannose:galactose
ratio is about 4:1 (JECFA, 2011). The presence of continuously
substituted large blocks of galactose molecules on the mannan
chain, which is separated by blocks of bare backbone, results in
certain unique and speciﬁc functional properties (Mathur, 2011).
This structure allows the penetration and interaction of water
with this structure, making this ﬁbre have high water absorption
capacity (Almeida, Chang, & Steel, 2010).
As the addition of ﬁbres in foods such as part-baked breads can
change the consistency, texture, rheological behaviour and sensory
characteristics of the ﬁnal product (Guillon & Champ, 2000), the
objective of this work was to study the effect of the addition of
different sources of dietary ﬁbre (wheat bran, resistant starch and
locust bean gum) in frozen part-baked, to evaluate the techno-
logical feasibility of this product.
2. Material and methods
2.1. Material
The material used was kindly donated by suppliers. The wheat
ﬂour used was wheat ﬂour for breadmaking Letizia (CargillTable 1
Speciﬁc volume and hardness of re-baked breads prepared with different dietary ﬁbre s
Assays WB RS LBG Speciﬁc vo
1 1 (4) 1 (4) 1 (0.3) 3.76  0.08
2 þ1 (16) 1 (4) 1 (0.3) 3.54  0.16
3 1 (4) þ1 (16) 1 (0.3) 3.43  0.27
4 þ1 (16) þ1 (16) 1 (0.3) 4.15  0.09
5 1 (4) 1 (4) þ1 (2.4) 4.62  0.21
6 þ1 (16) 1 (4) þ1 (2.4) 4.69  0.24
7 1 (4) þ1 (16) þ1 (2.4) 3.83  0.08
8 þ1 (16) þ1 (16) þ1 (2.4) 3.39  0.30
9 1.68 (0) 0 (10) 0 (1.5) 3.46  0.06
10 þ1.68 (20) 0 (10) 0 (1.5) 4.64  0.10
11 0 (10) 1.68 (0) 0 (1.5) 3.11  0.22
12 0 (10) þ1.68 (20) 0 (1.5) 5.07  0.11
13 0 (10) 0 (10) 1.68 (0) 3.61  0.20
14 0 (10) 0 (10) þ1.68 (3.0) 3.53  0.24
15 0 (10) 0 (10) 0 (1.5) 4.74  0.14
16 0 (10) 0 (10) 0 (1.5) 4.99  0.06
17 0 (10) 0 (10) 0 (1.5) 3.58  0.06
18 0 (10) 0 (10) 0 (1.5) 3.23  0.14
Mean  standard deviation, n ¼ 3 for speciﬁc volume and n ¼ 6 for hardness. WB ¼whea
concentrations (g/100 g ﬂour) of WB, RS and LBG.Agrícola S.A., Tatuí, Brazil). It presentedmoisture, proteins (N 5.7),
lipids and ash contents of 10.22 0.08 g,11.86 0.13 g,1.08 0.02 g
and 0.55  0.04 g/100 g ﬂour, respectively, determined through
Methods 44-10.01 (AACC, 2010), 46-13.01 (AACC, 2010), 920.39C
(AOAC, 2006) and 08-01.01 (AACC, 2010). Its wet gluten, dry gluten
and gluten index were 30.90  0.42 g, 10.25  0.21 g and
75.67  9.03 g/100 g ﬂour, respectively, determined through
Method 38-12.02 (AACC, 2010), and its Falling Number was
358  6 s, determined through Method 56-81.03 (AACC, 2010).
The sources of dietaryﬁbre usedwere:wheat bran (WB)e toasted
coarsewheat ﬁbre (Bonali Alimentos Ltda., Cruzeiro, Brazil), granular
RS2-type corn resistant starch (RS)eHi-Maize 260 (National Starch
and Chemical Industrial Ltda., São Paulo, Brazil) and locust bean gum
(LBG) e Grindsted LBG 147 (Danisco Brazil Ltda., Cotia, Brazil).
Characterization of the dietary ﬁbre sources used can be found
in Almeida et al. (2010). Dietary ﬁbre contents were 47.22 g/100 g,
37.98 g/100 g and 82.14 g/100 g; water absorption index (WAI) was
6.33, 2.32 and 13.69; and water solubility index (WSI) was 12.20%,
0.98% and 0%, for WB, RS and LBG, respectively.
2.2. Methods
2.2.1. Frozen part-baked bread formulation and production
Bread formulation and production were as described in our
previous work (Almeida, Chang, & Steel, 2013), until the prooﬁng
stage. After prooﬁng, loaves were part-baked during 15 min at
160 C in a hearth oven, model HF 4B (Hypo, Ferraz de Vasconcelos,
Brazil), with vapour injection in the ﬁrst instants of baking. After the
exit of the oven, the part-baked breadswere removed from the pans
and left to cool for 80 min at room temperature. They were subse-
quently frozen in amechanical static freezing chamber, using forced
air convection at low temperature (40 C)with an average speed of
3.0 m/s. The freezing process was terminated once the core tem-
perature of loaves reached 18 C. The freezing time was approx-
imately 60 min. The frozen part-baked breads were packaged in
plastic bags (polyethylene of high density and nylon) and stored in
a horizontal freezerwith storage temperatures ranging from15 C
to 18 C. The frozen part-baked breads, after 32 days of storage,
were unpackaged and re-baked in a hearth oven, model HF 4B
(Hypo, Ferraz de Vasconcelos, Brazil), at 160 C during 25  3 min,
with steam, for thawing and re-baking. One hour after removing the
loaves from the oven, they were packaged in polypropylene bags.ources.
lume (mL/g) Hardness (N)
Day 1 Day 4 Day 7
47.43  3.03 60.45  3.78 68.82  11.48
91.07  3.80 84.52  14.79 91.53  8.08
60.87  4.92 86.09  16.51 94.65  6.22
60.12  2.89 57.01  3.64 58.92  4.13
86.37  8.11 73.03  11.30 64.03  5.69
49.05  5.19 55.53  3.86 66.92  5.70
48.04  3.04 57.39  3.88 63.43  12.10
41.56  2.57 47.07  4.40 56.08  0.95
44.73  4.73 56.77  3.70 59.86  5.40
57.66  3.20 58.60  5.94 52.65  4.86
69.11  6.04 71.59  8.26 70.02  13.97
71.24  15.93 61.90  4.07 61.55  3.43
46.04  3.55 51.65  5.50 64.37  4.76
42.34  6.41 2.29  4.82 58.44  8.10
52.08  8.35 62.12  7.13 64.59  5.93
47.04  2.75 52.29  2.47 66.25  3.87
38.50  2.88 47.48  2.04 60.25  2.40
42.56  2.70 55.24  3.26 55.58  5.36
t bran; RS ¼ resistant starch and LBG ¼ locust bean gum. Values in brackets refer to
Fig. 1. Response surfaces for (I) Crumb L*, (II) Crumb C* and (III) Crumb h of re-baked breads prepared with different dietary ﬁbre sources, as a function of: (a) WB and RS and (b) RS
and LBG, being the third variable ﬁxed at level 0. WB ¼ wheat bran; RS ¼ resistant starch and LBG ¼ locust bean gum.
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Speciﬁc volume, crumb colour, sensory evaluation and moisture
during storage were determined as described in our previous work
(Almeida et al., 2013). Texture during storage was evaluated
through texture proﬁle analysis (TPA), in a texture analyser, model
TA-XT2i (Stable Micro Systems, Surrey, UK), using a P/100 alumi-
nium probe and the following parameters: measurement of force in
compression; pre-test speed ¼ 2.0 m/s; test speed ¼ 2.0 m/s; post-
test speed¼ 2.0 m/s; force¼ 20 g; cycle count¼ 5 s; test distance¼
12.5 mm; trigger type ¼ auto; trigger force ¼ 10 g. The determi-
nationwas carried out in six replicates, through compression of the
probe on two central slices disposed horizontally on the platform.
Hardness was the parameter used for discussion.
2.2.3. Statistical analysis
The statistical analysis using the Response Surface Methodology
(Rodrigues & Iemma, 2005), was carried out according to our pre-
vious work (Almeida et al., 2013). The same responses or dependent
variables evaluated for conventional bread were evaluated for fro-
zen part-baked breads: speciﬁc volume, crumb instrumental colour
through L*, C* and h, sensory analysis through the acceptance and
purchase intention tests, moisture and hardness during storage. The
mathematical models obtained to explain these responses must be
used with coded values of the independent variables, where:
WB ¼ coded value (1.68 to þ 1.68) of the concentration of wheat
bran; RS ¼ coded value (1.68 to þ 1.68) of the concentration of
resistant starch; LBG ¼ coded value (1.68 to þ 1.68) of the con-
centration of locust bean gum; Fcalc¼ calculated F; Ftab¼ tabled F.
Degree of signiﬁcance was included under each equation.
3. Results and discussion
3.1. Speciﬁc volume
Speciﬁc volume is an important quality parameter for bakery
products. The values for speciﬁc volume of re-baked part-baked
breads ranged, in average, from 3.11 to 5.07 mL/g (Table 1).
Although the different ﬁbre sources did not present an effect on the
speciﬁc volume of re-baked part-baked breads, wheat bran did
have an effect on the speciﬁc volume of conventional bread
(Almeida et al., 2013). Possibly, the effect of wheat branwasmaskedTable 2
Scores of the sensory acceptance and purchase intention tests of the re-baked breads pr
Assays WB RS LBG Sensory acceptancea
Crust colour Crust appea
1 1 (4) 1 (4) 1 (0.3) 7.4  1.3 7.1  1.4
2 þ1 (16) 1 (4) 1 (0.3) 6.8  1.6 6.5  1.7
3 1 (4) þ1 (16) 1 (0.3) 7.0  1.7 6.9  1.6
4 þ1 (16) þ1 (16) 1 (0.3) 6.2  1.4 6.3  1.9
5 1 (4) 1 (4) þ1 (2.4) 7.8  1.3 7.3  1.6
6 þ1 (16) 1 (4) þ1 (2.4) 7.3  1.6 6.9  1.6
7 1 (4) þ1 (16) þ1 (2.4) 6.9  1.3 6.4  1.6
8 þ1 (16) þ1 (16) þ1 (2.4) 7.5  1.3 6.9  1.7
9 1.68 (0) 0 (10) 0 (1.5) 7.0  1.9 6.9  2.1
10 þ1.68 (20) 0 (10) 0 (1.5) 7.5  1.6 6.9  1.6
11 0 (10) 1.68 (0) 0 (1.5) 7.5  1.0 7.2  1.2
12 0 (10) þ1.68 (20) 0 (1.5) 6.8  1.5 6.6  1.7
13 0 (10) 0 (10) 1.68 (0) 6.9  1.6 6.8  1.6
14 0 (10) 0 (10) þ1.68 (3.0) 7.4  1.0 7.0  1.4
15 0 (10) 0 (10) 0 (1.5) 7.5  1.3 6.7  1.8
16 0 (10) 0 (10) 0 (1.5) 7.5  1.2 6.6  1.7
17 0 (10) 0 (10) 0 (1.5) 7.4  1.2 7.0  1.4
18 0 (10) 0 (10) 0 (1.5) 6.9  1.2 6.6  1.3
Mean  standard deviation, n ¼ 30. WB ¼ wheat bran; RS ¼ resistant starch and LBG ¼ l
and LBG.
a Hedonic scale ranging from 1 ¼ “disliked extremely” to 9 ¼ “liked extremely”.
b Panellists who attributed scores from 4 to 5 (in a scale from 1 ¼ “would certainly noby the effect of the freezing and frozen storage steps that the breads
in this study were submitted to. Ice crystals may have damaged
bread structure, making all formulations have similar performances
after re-baking, even containing different quantities and types of
ﬁbres. This can be conﬁrmed by the signiﬁcant reduction in speciﬁc
volume (p < 0.05) when compared to conventional breads, that
presented speciﬁc volumes that ranged, in average, from 5.39 to
8.15 mL/g. This reduction in speciﬁc volume of re-baked part-baked
breads in relation to conventional breads was also veriﬁed in other
studies. Carr and Tadini (2003) observed this with French rolls in
formulations without the addition of dietary ﬁbre; Rosell and
Santos (2010), in breads with the addition of dietary ﬁbre sources
different to those used in our study; and Mandala, Polaki, and
Yanniotis (2009), in breads containing LBG.3.2. Crumb instrumental colour
For the colour parameters crumb lightness (L*), chroma (C*) and
hue angle (h), as expected, it was veriﬁed that wheat bran was the
ﬁbre source that had a greatest effect, due to its inherent colour
{Eqs. (1)e(3)}. The increase in wheat bran reduced lightness and
hue angle and increased chroma, that is, made crumb colour darker,
with a more saturated colour, tending more to red (Fig. 1).
Crumb L* ¼ 66:72 4:06 WBþ 0:53 WB2 þ 0:47 RS
R2 ¼ 0:9631; Fcalc=Ftab ¼ 36:47;p < 0:05
(1)
Crumb C* ¼ 16:66þ 0:49 WB 0:36 RSþ 0:24 RS2  0:28 LBG
R2 ¼ 0:7765; Fcalc=Ftab ¼ 4:65; p < 0:10

(2)
Crumb h ¼ 78:93 4:01 WBþ 0:54 WB2  0:54 RS2 þ 0:49 LBG
R2 ¼ 0:9626; Fcalc=Ftab ¼ 26:29; p < 0:05

(3)
Resistant starch and LBG, considered white ﬁbre sources, inter-
fered less with crumb colour. Regarding lightness, resistant starchepared with different dietary ﬁbre sources.
% Positive purchase intentionb
rance Aroma Taste Texture
6.2  1.5 6.7  1.5 6.8  1.7 58.1
6.5  1.7 5.7  2.1 5.8  2.0 43.8
6.2  1.6 6.4  1.8 5.5  2.2 43.3
6.9  1.4 6.3  1.5 6.2  1.8 46.9
7.2  1.6 7.0  1.5 7.3  1.9 54.5
7.1  1.5 6.9  1.6 6.8  1.9 54.5
6.4  1.3 6.1  1.7 7.0  1.5 37.5
6.8  1.8 6.5  1.7 6.8  1.9 71.0
6.7  1.6 6.8  1.4 7.0  1.8 41.9
7.2  1.8 7.2  1.6 7.3  1.3 57.6
6.9  1.3 6.8  1.4 6.5  2.0 62.5
6.9  1.6 6.3  1.8 6.1  1.8 46.7
6.4  1.8 5.8  1.9 5.4  2.1 41.9
6.9  1.2 6.8  1.5 7.5  1.5 75.0
6.9  1.4 6.9  1.5 6.9  1.2 48.5
6.9  1.7 6.0  2.0 4.9  2.5 36.4
6.9  1.4 7.2  1.2 7.3  1.6 67.7
6.5  1.3 6.0  1.6 6.3  1.7 53.1
ocust bean gum. Values in brackets refer to concentrations (g/100 g ﬂour) of WB, RS
t buy” to 5 ¼ “would certainly buy”) were considered.
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crumb lighter. LBG did not interfere with this colour parameter. For
chroma, resistant starch and LBG contributed to a reduction in its
value, that is, tending to leave crumb with a less saturated colour.
For hue angle, the effect of these ﬁbre sources depended on the
concentration of the other sources present, as can be observed
through the response surfaces generated by the model (Fig. 1). They
show that, within the ranges studied, when resistant starch was
used in amounts between 4 and 16 g/100 g ﬂour and the of amount
of LBG was increased, mainly in amounts above 1.5 g/100 g, the
crumb of loaves trended more to yellow (higher h values). The
values of crumb hue angle (h) were in the range between 73.67 and
87.62. By these values, it can also be seen that the crumbs of all
loaves were located predominantly in the ﬁrst quadrant of the
colour diagram, being between the axis þa (red) and þb (yellow).
Comparing these results found for re-baked part-baked breads
with those found for conventional breads (Almeida et al., 2013), we
observed that the behaviour of wheat bran was the same for both.
However, the behaviour of resistant starch and LBG changed. ThisCrumb appearance acceptance score ¼ 7:09þ 0:18 WB 0:08 WB2 þ 0:06 RSþ 0:07 LBG 0:07 LBG2 þ 0:15 WB LBG 0:11 RS LBG
R2 ¼ 0:7046; Fcalc=Ftab ¼ 1:68; p < 0:15

(5)
Crumb colour acceptance score ¼ 7:27þ 0:28 WB 0:19 WB2  0:09 LBG2 þ 0:11 WB LBG
R2 ¼ 0:9573; Fcalc=Ftab ¼ 22:94;p < 0:05 (4)could be because water migration during frozen storage and/or
starch gelatinization during the two baking stages could be affected
differently by the different ﬁbre sources, having an effect on colour.3.3. Sensory evaluation
The consumer proﬁle of the panellists was the same as in our
previous work (Almeida et al., 2013). The main parameters that
inﬂuence food acceptance are appearance, aroma, taste and texture.
If one of these factors does not meet expectance, the food will not
be consumed, or, if consumed, will cause a negative response from
consumers (Faridi & Faubion, 1990; Mohsenin, 1986). Through
Table 2, it can be observed that the loaves produced had a good
acceptance for these parameters. The consumers, in average, did
not dislike any of the loaves in any of the attributes evaluated.
For the parameters crust colour acceptance, crust appearance
acceptance, aroma acceptance and taste acceptance, ﬁbre addition
did not present a signiﬁcant effect. With the values obtained, it was
not possible to establish mathematical models for these responses
as a function of the three dietary ﬁbre sources studied. No linear,
quadratic or interaction effect was signiﬁcant (p < 0.05). This in-
dicates that none of the dietary ﬁbre sources used interfered, that
is, independently of the amounts of added wheat bran, resistant
starch and LBG, the parameter was within the range of the mean
value and its standard deviation.
Making an analysis of the acceptance score for crumb colour
and crumb appearance, is was veriﬁed that these responses pre-
sented values between 6.3 and 7.5; in other words, the consumers
evaluated crumb colour and appearance with acceptance
expressed, in average, as “liked slightly” and “liked moderately”.Analysing the Response Surfaces (Fig. 2) generated by the model
for crumb colour acceptance {Eq. (4)}, the non-interference of the
addition of different concentrations of resistant starch can be seen
and, in addition, an optimum region of greatest crumb colour
acceptance can be identiﬁed, where there is a range of combina-
tions of wheat bran (above 10 g/100 g ﬂour) and LBG (above 0.6 g/
100 g ﬂour). Comparing these results of crumb colour acceptance
with the results of crumb instrumental colour, it can be observed
that the consumers expressed better acceptance for crumbs with
lower lightness, in other words, darker crumbs (L* < 68, approx-
imately), higher saturation (C* > 15, approximately) and with
lower hue angles, that is, tending more to red (h < 81, approx-
imately). Analysing the Response Surfaces (Fig. 2) generated by the
model for crumb appearance acceptance {Eq. (5)} it can be
observed that acceptance score of crumb appearance follows the
same behaviour of acceptance score of crumb colour. Resistant
starch and LBG had little interference, while the higher additions
of wheat bran made the consumers express higher acceptance for
this sensory attribute.Comparing the results of these two sensory parameters for re-
baked part-baked breads with those obtained for conventional
bread (Almeidaetal., 2013),weobserved thesameproﬁle,with similar
response surfaces. Although the effect of the different ﬁbres was
similar, the acceptance scores for these two sensory attributes were
signiﬁcantly (p < 0.05) reduced in re-baked part-baked breads when
compared to conventional breads. A loss of quality is usually observed
in part-baked breads when compared to conventional breads.
As for conventional breads, crumbs of part-baked breads with
higher concentrations of wheat bran were better evaluated, both in
relation to appearance as in relation to colour. The addition of above
10 g wheat bran/100 g ﬂour provided good results for acceptance
score of crumb appearance and colour.
Analysing texture acceptance scores presented in Table 2, it can
be observed that the scores ranged from 4.9 (indifferent) to 7.5
(liked moderately). Table 2 shows that, in general, consumers
indicated a good positive purchase intention (>36.4%). Although
ﬁbres did not interfere with these two sensory responses in part-
baked breads, in conventional breads, wheat bran, resistant
starch and LGB did interfere. As discussed for speciﬁc volume, the
effect of the ﬁbres was possibly masked by the effect of the freezing
and frozen storage steps. Nevertheless, re-baked part-baked breads
did not differ signiﬁcantly (p < 0.05) with respect to texture
acceptance from conventionally baked breads.
3.4. Crumb moisture
Crumb moisture of re-baked breads after one, four and seven
days from baking ranged from 44.01 to 48.80, from 36.70 to 46.59
and from 30.79 to 41.42 g/100 g ﬂour, respectively. It was possible to
Fig. 2. Response surfaces for (I) Crumb colour acceptance score, (II) Crumb appearance acceptance score of re-baked breads prepared with different dietary ﬁbre sources, as
a function of: (a) WB and RS and (b) WB and LBG, being the third variable ﬁxed at level 0. WB ¼ wheat bran; RS ¼ resistant starch and LBG ¼ locust bean gum. Z axis: hedonic scale
ranging from 1 ¼ “disliked extremely” to 9 ¼ “liked extremely”.
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loaves, after one, four and seven days from baking, expressed in Eqs.
(6)e(8). The response surfaces for the three different dayswere very
similar, with practically only a displacement along the Z axis
(showing the reduction of crumb moisture content during storage)
(Fig. 3). Moisture content of breads was a reﬂex of the amount of
water added to the different formulations. Moister crumbs were
obtained from doughs with higher farinographic water absorptions
(wheat bran addition above 10 g/100 g and LBG above 1.5 g/100 g).
This can be veriﬁed by the similarity between the response surfaces
for moisture in this work and for farinographic water absorption
described in our previous work (Almeida et al., 2010). On the three
days evaluated, the higher the addition of wheat bran, the higher
was the moisture content. However, the behaviour of crumb
moisture as a function of the addition of resistant starch and LBGCrumb moisture ðDay 1Þ ¼ 46:56þ 0:86 WBþ 1:03 LBG 0:45 WB
R2 ¼ 0:8694; Fcalc=Ftab ¼ 9:30; p < 0underwent changes during the evaluated period, showing that
these ﬁbres helped retainmoisture. Initially, resistant starch did not
have an interference in crumb moisture, but along the shelf-life the
emergence of a region of retention of moisture in a range of com-
binations of resistant starch and LBG can be noted. On the fourth
day, this region was located in concentrations of resistant starch
between 1 and 16 g/100 g ﬂour and LBG above 2.4 g/100 g ﬂour. On
the seventh day, this region becomes larger and extends to con-
centrations of LBG above 1.5 g/100 g ﬂour. Resistant starch and LBG
probably bound part of the water released in the starch retro-
gradation process (Schiraldi & Fessas, 2001). LBGmay also inﬂuence
moisture retention by preventing self-association of amylose and
amylopectin chains (Ahmad & Williams, 2001). WB may not have
been involved in this process as water was already sufﬁciently
linked to its structure (Almeida et al., 2013).LBG
:05

(6)
Fig. 3. Response surfaces for crumb moisture content on (I) day 1, (II) day 4 and (III) day 7 of re-baked breads prepared with different dietary ﬁbre sources, as a function of: (a) WB
and RS and (b) RS and LBG, being the third variable ﬁxed at level 0. WB ¼ wheat bran; RS ¼ resistant starch and LBG ¼ locust bean gum.
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Crumb moisture ðDay 4Þ ¼ 42:93þ 1:23 WB 1:49 RS2 þ 2:19 LBG
R2 ¼ 0:7590; Fcalc=Ftab ¼ 4:40; p < 0:05

(7)
Crumb moisture

Day 7
 ¼ 38:77þ 1:12 WBþ 0:74 RS 0:99 RS2 þ 1:70 LBG 0:59 LBG2 þ 1:49 WB RS
R2 ¼ 0:7743; Fcalc=Ftab ¼ 2:04; p < 0:05

(8)
E.L. Almeida et al. / LWT - Food Science and Technology 53 (2013) 262e270 269As occurred with sensory attributes, when comparing these
results for re-baked part-baked breads with those obtained for
conventional breads (Almeida et al., 2013), we observed the same
proﬁle, with the response surfaces for moisture throughout the
storage period being very similar for the two types of breads. This
shows that ﬁbres played their role in water retention both in con-
ventional and in re-baked part-baked breads. This is especially
important in the latter, where the two baking stages can cause
excessive drying. Although the effect of the different ﬁbre sources
was similar, moisture content of re-baked part-baked breads on the
three storage days evaluated was signiﬁcantly (p < 0.05) higher
than that of conventional breads. For conventional breads, moisture
contents after the ﬁrst, fourth and seventh days from baking
ranged from 41.98 to 45.78, from 33.92 to 41.29 and from 31.63 to
38.71 g/100 g ﬂour, respectively. This may have happened due to
the application of vapour in the re-baking stage, as also observed by
Carr and Tadini (2003). This is very interesting once re-baked part-
baked breads tend to be dryer as they go through two baking stages
(Sluimer, 2005), which was not observed here. Even after the re-
baking stage, ﬁbres showed that they inﬂuenced the moisture
retention mechanism of re-baked breads. Mandala et al. (2009)
veriﬁed that the moisture content of part-baked breads contain-
ing LBG (0.4 g/100 g ﬂour) did not differ from the moisture content
of conventional breadsmade from the same formulation. Rosell and
Santos (2010), studying the effect of other dietary ﬁbre sources,
veriﬁed that part-baked breads presented lower moisture content
when compared to conventional breads. However, this result was
found because part-baked breads were produced with lower
amounts of water in the formulation in relation to conventional
breads.3.5. Hardness
For hardness obtained in the texture proﬁle analysis (TPA) after
one, four and seven days from baking (Table 1), ﬁbre addition did
not present a signiﬁcant effect. With the values obtained, it was not
possible to establish mathematical models for these responses as
a function of the three dietary ﬁbre sources studied. No linear,
quadratic or interaction effect was signiﬁcant (p < 0.05). This in-
dicates that none of the dietary ﬁbre sources used interfered, that
is, independently of the amounts of added wheat bran, resistant
starch and LBG, the parameter was within the range of the mean
value and its standard deviation. It was not possible to obtain
models to explain these responses, as the determination
coefﬁcients were very low (R2 < 0.70) and the residues were
very high.
The non-interference of the ﬁbres studied with hardness
obtained in the texture proﬁle analysis (TPA) after one, four and
seven days from baking was expected, once these ﬁbres also did not
inﬂuence this parameter in conventional breads. Rosell and Santos
(2010) veriﬁed an increase in hardness of re-baked part-baked
breads in relation to conventional breads which contained ﬁbres intheir formulation.We also observed a signiﬁcant (p< 0.05) increase
in hardness of re-baked part-baked breads in relation to conven-
tional breads, with ﬁbres in the formulation. However, this was
only found when we compared hardness of breads on the ﬁrst day
of storage. On Day 4 and Day 7, part-baked breads did not differ
from conventional breads (data not shown). According to Polaki
et al. (2010), frozen part-baked breads tended to present greater
pores than conventional breads, with dietary ﬁbre in their for-
mulation. According to these authors, the reasons would be me-
chanical damage by ice crystals and stress forces on part-baked
bread structure due to cooling after the ﬁrst baking stage.4. Conclusion
With this study, we can conclude that it is possible to produce
frozen part-baked pan breads that are well accepted by consumers
and with good technological properties with the dietary ﬁbre
sources evaluated. As expected, wheat bran was the ﬁbre source
that most affected colour parameters (L*, C* and h) and sensory
acceptance scores for crumb colour and appearance. Resistant
starch and LBG inﬂuenced these parameters, but in a more discrete
form. However, these two ﬁbre sources did show an effect on
moisture retention of re-baked part-baked breads during all the
shelf-life period. In relation to conventional breads, it was veriﬁed
that the freezing, frozen storage and re-baking stages through
which part-baked breads went through had some effect on the
structure of part-baked breads, and the effect of these processing
steps could have been greater than the effect of the different ﬁbre
sources for speciﬁc volume, texture acceptance and positive pur-
chase intention, once these parameters were inﬂuenced by ﬁbres in
conventional breads but not in re-baked part-baked breads. Fibre
also did not inﬂuence crust colour acceptance, crust appearance
acceptance, aroma acceptance, taste acceptance and hardness
obtained in the texture proﬁle analysis (TPA) after one, four and
seven days from baking of re-baked part-baked breads. Even
though the dietary ﬁbre sources did not interfere with various at-
tributes of the sensory evaluation, the part-baked breads produced
presented a good structure and a positive acceptance for all the
attributes evaluated. The addition of dietary ﬁbre sources to
improve technological and nutritional characteristics of part-baked
breads is viable. Apart from this, the combined addition of different
types of ﬁbres to reach an adequate dietary ﬁbre content in the
product was shown to be beneﬁcial, once it can optimize bread
quality characteristics.Acknowledgements
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